Aim: E-selectin and C-reactive protein have been linked with carotid atherosclerosis; however, the findings on this association have been inconsistent. Methods and Results: We conducted a cross-sectional study to examine the associations of soluble E-selectin (sE-selectin) and high-sensitivity-CRP (hs-CRP) levels with carotid intima-media thickness (IMT) in 505 Japanese men aged 60 − 74 years. Maximum IMT of common (CCA) and internal carotid arteries (ICA) was positively associated with sE-selectin levels after adjustment for age, hs-CRP and other cardiovascular risk factors: means of maximum CCA IMT were 1.12, 1.21 and 1.27 mm for the lowest to highest tertiles of sE-selectin, respectively, p 0.04, and those of ICA IMT were 1.73, 2.09 and 2.09 mm, respectively, p 0.009. Maximum IMT of CCA tended to be positively associated hs-CRP levels after adjustment for age, sE-selectin and other cardiovascular risk factors: means of maximum CCA IMT were 1.10, 1.25, and 1.26 mm, for the lowest to highest tertiles of hs-CRP, respectively, p 0.06. Compared with subjects with the lowest tertiles of sE-selectin and hs-CRP, those with the highest tertiles had a higher prevalence of heterogeneous plaque: multivariable odds ratios were 2.2 (1.0 − 3.7), p 0.002 and 1.6 (1.0 − 2.7), p 0.046, respectively. Conclusions: Serum levels of sE-selectin and hs-CRP could be biomarkers for atherosclerosis in general populations. 
, activation of leukocytes and platelets and changes in permeability, resulting in the release of vasoactive molecules, cytokines, and growth factors 1) . Adhesion molecules mediate the processes of leukocyte rolling, sticking, and transmigration 4) . The expression of various genes are involved in the process of atherosclerosis and inflammation in human endothelial cells 5) . Furthermore, the regression of carotid arteriosclerosis was achieved by a strong statin through a substantial reduction of LDL-cholesterol 6) 
Introduction
Processes that lead to inflammation of the vasculature and/or initiation of endothelial dysfunction may contribute to the development of atherosclerosis 1, 2) . Conventional risk factors of atherosclerosis, including hypercholesterolemia, smoking, and hypertension, can damage the endothelium and stimulate the expression as from other cells, including fibroblasts, smooth muscle cells, and platelets 7) . We therefore selected soluble E-selectin (sE-selectin) as a marker for the development of atherosclerosis, which involves endothelial cell dysfunction.
Previous studies examined the relationships of E-selectin concentrations with carotid atherosclerosis [8] [9] [10] [11] and the risk of coronary heart disease 11) , but the results were inconsistent. A small clinical study found no association between serum sE-selectin concentrations and carotid atherosclerosis among patients with transient ischemic attack 8) , whereas other clinical studies of patients with coronary disease showed significant associations 9, 10) . A population-based study indicated that sE-selectin levels were significantly associated with carotid atherosclerosis, but not with the risk of coronary heart disease 11) . Chronic inflammation is known to play a key role in the progression of atherosclerosis and is closed related with endothelial dysfunction [1] [2] [3] . High-sensitivity C-reactive protein (hs-CRP) has been regarded as a good marker of inflammation 12) . Low-grade elevations of hs-CRP were associated with carotid intimamedia thickness (IMT) or carotid plaques [13] [14] [15] and increased risks of cardiovascular disease [15] [16] [17] , and ischemic stroke 15, 16) . In this study, we examined the relationships of sE-selectin and hs-CRP levels with asymptomatic carotid IMT, i.e., early-stage atherosclerosis, in Japanese men aged 60 − 74 years with no history of ischemic heart disease or stroke.
Methods

Participants
The study enlisted 531 men aged 60 − 74 years living in Kyowa, a central rural community in Japan, who participated in a cardiovascular risk survey between 1997 and 1999 18) . In that community, a communitybased prevention program for cardiovascular disease and risk factor surveys have been conducted since 1981 19, 20) . The Ethics Committee of the University of Tsukuba approved the present study. We excluded 17 men of hs-CRP ≥ 10.0 mg/L and 9 men who had a history of stroke or coronary heart disease; thus, data from 505 men were used for analyses.
Measurement of sE-Selectin, hs-CRP, and Serum Lipids
Venous blood was collected from the antecubital vein into a plain, siliconized glass tube. The serum was separated and stored at 80 until analysis. sE-selectin was measured twice for each sample using a commercially available enzyme-linked immunosorbent assay (ELISA) kit (R&D Systems, Minneapolis, MN). The coefficient of variation for double measurements of sE-selectin was 2.0%. Serum levels of hs-CRP were determined by an automated immunonephelometric assay (Behring Nephelometer Protein Specific, with N Latex CRP ; Dade Behring, Inc. city, state/country). The measurement sensitivity for hs-CRP was 0.176 mg/L and the linearity of measurement was confirmed. The interassay coefficient of validation was 2.5% for serum hs-CRP. Serum total cholesterol and HDL-cholesterol were measured using enzymatic methods by an automatic analyzer (Hitachi 7250; Hitachi Medical Corp., Ibaraki, Japan) at the Osaka Medical Center for Health Science and Promotion, an international member of the US National Cholesterol Reference Method Laboratory Network (CRMLN) 21) . Serum glucose was measured using the hexokinase method with the same instrument.
Measurement of Carotid Atherosclerosis
Trained physicians conducted ultrasonographic scanning of the carotid arteries to evaluate early atherosclerosis, using a real-time, B-mode ultrasound imaging unit (Toshiba, Tokyo, Japan) with a 7.5-MHz annular array probe (Toshiba SMA-736S; axial resolution of 0.1 mm). We adopted the same ultrasonography protocol as the Cardiovascular Health Study 22) , as described previously in detail 18) . The imaging protocol involved obtaining a single longitudinal lateral view of the distal 10 mm of the right and left common carotid arteries (CCA) and three longitudinal views (anterooblique, lateral, and postero-oblique) of each internal carotid artery (ICA). The ICA was defined as including both the carotid bulb, identified by the loss of the parallel wall present in the CCA, and the 10-mm segment of the ICA distal to the tip of the flow divider that separates the external and ICA. To quantify the degree of thickening of carotid artery walls, we adopted three variables for CCA and ICA. The maximum IMT of the CCA was determined from the single thickest wall of the near and far walls on both sides of the CCA. The maximum IMT of the ICA was defined in a similar manner from three scan views on both sides of the ICA. Plaque in the CCA wall was defined by a focal wall thickness of at least 1.1 mm, and plaque in the ICA wall by a focal wall thickness of at least 1.5 mm.
Measurement of Other Atherosclerosis Risk Factors
Systolic and diastolic blood pressures were measured by trained observers using a standard mercury sphygmomanometer placed on the right arm of seated participants at rest for at least 5 minutes 23) . Readings were made to the nearest 2 mmHg, and diastolic blood pressure was taken as the phase V Korotkoff sound. Hypertension was defined as a systolic blood pressure ≥ 140 mmHg, diastolic blood pressure ≥ 90 mmHg, and/or use of antihypertensive medication. Height and weight were measured without shoes in light clothing. Body mass index (BMI) was calculated as weight (kg) divided by the square of height (m 2 ). An interview was conducted to ascertain the history of stroke and coronary heart disease, drinking status, cigarette smoking, diabetes mellitus, and use of medication for hypertension and/or diabetes. Persons who consumed alcohol one or more times per week were defined as current drinkers, and those who had not consumed alcohol for 3 months or more were defined as ex-drinkers. Never drinkers or occasional drinkers were regard as non-drinkers 24) . Participants who smoked more than one cigarette per day were defined as current smokers. Diabetes mellitus was defined by a fasting glucose level of 7.0 mmol/L or a nonfasting glucose level of 11.0 mmol/L and the use of medication for diabetes.
Statistical Analysis
Differences in age-and multivariable-adjusted mean values of maximum CCA IMT and maximum ICA IMT, and the prevalence of maximum IMT ≥ 1.1 mm for CCA and maximum IMT ≥ 1.5 mm for ICA were tested among tertiles of sE-selectin and hs-CRP by analysis of covariance and logistic regression analysis. Testing for a linear trend across sE-selectin and hs-CRP categories was conducted using a linear regression and logistic regression model, after adjusting for age, the other confounding variables using the median variable of sE-selectin and hs-CRP in each category. The confounding variables included age (years), BMI (kg/m 2 ), serum total and HDL-cholesterol levels (mmol/L), ethanol intake category (never-drinker, exdrinker, and current drinker), smoking status (neversmoker, ex-smoker, and current smoker), hypertension (yes), diabetes (yes) and either of hs-CRP or sE-selectin. All statistical analyses were conducted using SAS statistical software version 9.1.3 (SAS Institute Inc. Cary, CA). Statistical analysis was two-tailed and p values 0.05 were significant. Table 1 presents the mean age, age-adjusted mean values of sE-selectin and hs-CRP levels, and mean values and proportions of selected cardiovascular risk factors. Mean concentrations were 59.3 ng/mL for sE-selectin and 1.20 mg/L for hs-CRP. Median for hs-CRP was 0.57 mg/L. The prevalence of hypertension and diabetes was 54.6% and 21.4%, respectively. The prevalence of medication use for hypertension and diabetes was 35.0% and 6.7%, respectively. There was a weak correlation between sE-selectin and hs-CRP levels: the Spearman correlation coefficient was 0.16, p 0.001. Table 2 shows age-and multivariable-adjusted mean values of maximum carotid IMT according to tertiles of sE-selectin and hs-CRP levels. Maximum IMTs of both CCA and ICA were positively associated with sE-selectin levels. After adjusting for age, hs-CRP and other cardiovascular risk factors, mean values of maximum IMT in the lowest, middle and highest tertiles of sE-selectin were 1.12, 1.21 and 1.27 mm for CCA, p 0.04, and 1.73, 2.09 and 2.09 mm for ICA, p 0.009, respectively. Maximum IMT of CCA tended to be positively associated with hs-CRP levels but maximum IMT of ICA was not, after adjusting for age, sE-selectin and other cardiovascular risk factors: mean values of maximum IMT were 1.10, 1.25, and 1.26 mm for CCA, p 0.06, and 1.90, 2.08, and 1.93 mm for ICA, p 0.86, respectively. Table 3 shows the odds ratios of carotid wall thickening according to tertiles of sE-selectin and hs-CRP levels. The prevalence of wall thickening for CCA or ICA did not vary significantly according to sE-selectin levels; the multivariable odds ratio for the highest versus lowest tertiles of sE-selectin was 1.2 (0.7 − 1.9), p 0.52 for CCA and 1.5 (0.9 − 2.4), p 0.10 for ICA. Higher hs-CRP levels were associated with a higher prevalence of wall thickening for CCA but not for ICA: the multivariable odds ratio for the highest versus lowest tertiles of hs-CRP was 2.2 (1.4 − 3.6), p 0.002 for CCA and 1.2 (0.8 − 2.0), p 0.41 for ICA.
Results
Compared with men with the lowest tertiles of sE-selectin and hs-CRP, those with the highest tertiles had a higher prevalence of heterogeneous plaque: the multivariable odds ratio was 2.2 (1.0 − 3.7), p 0.002 and 1.6 (1.0 − 2.7), p 0.046, respectively.
Discussion
The present study identified positive associations of serum levels of sE-selectin and hs-CRP with carotid atherosclerosis among 505 Japanese men aged 60 − 74 years. sE-selectin levels were significantly associated with carotid wall thickening in both CCA and ICA, and were strongly associated with the presence of heterogeneous plaque.
Our results are consistent with those of the Atherosclerosis Risk in Communities (ARIC) study of 792 men and women aged 45 − 64 years; the prevalence of carotid plaque was 2-fold higher among subjects with highest versus lowest quartiles of sE-selectin 11) . A more recent clinical study of 85 middle-aged men and women reported that carotid IMT was correlated positively with sE-selectin levels 10) . The strong association between sE-selectin levels and heterogeneous plaque in carotid arteries is noteworthy and this finding, to our knowledge, is the first to be reported. The result is in accordance with the pathological finding that sE-selectin is expressed in carotid plaques 25) . Heterogeneous plaque is liable to plaque rupture, leading to the clinical onset of coronary heart disease 26) . Our 4.5-year prospective study of Japanese men aged 60 − 74 years showed that men with heterogeneous plaque had a 3-fold higher risk of total stroke than those without 27) . Thus, sE-selectin is suggested as a biomarker for unstable plaque and may predict the future onset of cardiovascular disease.
Serum hs-CRP levels were associated with carotid wall thickening in CCA and heterogeneous atherosclerosis. A hospital-based study reported that serum CRP levels were positively associated with CCA IMT and had a 1.6-fold higher prevalence of carotid plaque in highest versus lowest quartiles of CRP among 340 patients aged ≥ 62 years 28) . A study of health check-up participants (2056 men and women aged 25 to 86 years) reported that serum CRP levels were positively associated with carotid plaque in men but not women 29) . A previous prospective study showed that hs-CRP levels were positively associated with an 30) . A more recent report from the Rotterdam Study of 3,757 Caucasian men and women aged 65 years or older also showed that CRP levels were independently associated with the progression of carotid plaque 14) . The strengths of the present study are, first, that the participants were not restricted to patients with large IMT or to controls with lower IMT; but were instead a population-based sample. This sampling method allowed us to examine the unbiased relationship between adhesion molecules and carotid atherosclerosis. Second, sE-selectin measurement was conducted twice and then averaged to reduce measurement errors. Third, we standardized our carotid IMT measurements carefully according to the Cardiovascular Health Study method 22) .
In conclusion, serum levels of sE-selectin and hs-CRP could be biomarkers for atherosclerosis in general populations of Japanese men. Table 2 .
